The R 2 NiMnO 6 (R = La, Pr, Nd, Sm, Gd, Tb, Dy, Y, and Ho) double perovskites, prepared by sol-gel assisted combustion route, have been systematically investigated using powder x-ray diffraction, Raman spectroscopy, ultraviolet-visible spectroscopy, magnetization, and synchrotron based x-ray absorption spectroscopy measurements. All compounds in the family crystallize in the monoclinic structure (P2 1 /n space group) and the monoclinic distortion enhances with decreasing R 3+ radii. The magnetic ordering temperature (T C ) decreases from shows an expansion of NiO 6 octahedra and almost unchanged MnO 6 octahedra. X-rayabsorption near-edge spectroscopy reveals that majority of Ni and Mn ions are in +2 and +4
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valence states in all the samples. Raman spectra of RNMO show a softening of phonon modes resulting in the elongation of Ni/Mn-O bond length. Finally, a correlation between lattice parameters, structural distortion, octahedral tilting, superexchange angle, and electronic band gap, Curie temperature, and the rare-earth ionic radius is established. compounds result from spin phonon coupling, which strongly depends on the R and B/B'-site ordering [6] [7] [8] [9] [10] . Due to the observance of magneto-capacitance in La 2 NiMnO 6 (LNMO) 11 , rareearth based double perovskites have been intensively investigated in the last decade. LNMO is a potential ferromagnetic semiconductor with coupled magnetic and electrical properties near room temperature (T C~2 80 K) 11, 12 .
I. INTRODUCTION
Ferromagnetic semiconductor oxides, R 2 NiMnO 6 (RNMO), are potential candidates due to their rich Physics and promising role in next generation spintronic industry. They can be widely utilized for fabricating novel magnetic, electronic, and multiferroic superlattices/systems because their properties can be tailored by changing the radii (r R 3+ ) of the R 3+ ion as well as by applying external pressure 13 . Depending on the crystallographic site occupancies of Ni and Mn cations, these systems may adopt two different crystal structures.
A random arrangement of Ni and Mn ions leads to an orthorhombic crystal structure with
Pbnm space group, while an alternating periodic arrangement of Ni and Mn cations results in the monoclinic symmetry belonging to the P2 1 /n space group [14] [15] [16] . The R 2 NiMnO 6 double perovskites exhibit high magnetic ordering temperatures 13 . The magnetic ordering originates from the virtual hopping of electrons between the half-filled orbital of Ni 2+ and the vacant orbital of Mn 4+ cations 17 . The superexchange interactions between the Ni and Mn ions, which control the magnetic ordering in RNMO, is governed by Goodenough-Kanamori rules 16, [18] [19] [20] .
The magnetic interactions in R 2 NiMnO 6 are also strongly influenced by r R 3+ . Lattice distribution of Mn and Ni ions will determine the superexchange interaction and hence the crystal structure. On decreasing r R 3+ , the ferromagnetic transition temperature decreases gradually, while the structure is distorted. [14] [15] [16] 23 . Different conclusions have been drawn regarding the probable mechanism that governs magnetism in these materials. The reason for these differences may be due to the various synthesis routes that significantly influence the crystallographic structures and the extent of the antisite disorder at the Ni/Mn sites. Also, local atomic structure around Ni and Mn is a key factor in determining various physical properties such as magnetic ordering and electronic band gap in manganites, 24, 25 . For RNMO, the local structure and oxidation states of Ni and Mn ions are not well established. The detailed knowledge of the oxidation and spin states of Mn and Ni is critical to understand the broad magnetic response of these systems. Therefore, short-rangeorder techniques such as x-ray absorption spectroscopy (XAS), which directly probes local atomic structure have been employed to understand the physics of the RNMO series 26 .
To address all ambiguities regularly distributed, homogeneous and single phase material is needed so that the real mechanism of the R 3+ dependence of magnetization can be explained properly. Hence, nine members of R 2 NiMnO 6 (R = La, Pr, Nd, Sm, Gd, Tb, Dy, Y, and Ho) family were synthesized by the sol-gel assisted combustion method. Taking into account the interesting variety of structure, electronic properties, and competing magnetic interactions in this series, a comprehensive study has been performed to ascertain the influence of the rare earth size on the structural and the magnetic ground states of these compounds. Such a comprehensive study on the entire RNMO series is a new addition to the ongoing research in the field.
II. EXPERIMENTAL DETAILS
Polycrystalline R 2 NiMnO 6 samples were prepared by a sol-gel assisted combustion method. The phase identification and purity of these materials was investigated from powder X-ray diffraction data (XRD) collected using a Bruker D2 Phaser X-ray diffractometer with Cu K α
radiation. Rietveld refinement of XRD data using the FullProf software package For energy calibration, standard metal foils of Ni and Mn were used. The structure EXAFS signal χ(E) was calculated from the absorption coefficient μ(E) defined as [50] :
where, 0 E is absorption edge energy, 00 () E  is the bare atom background, and 00 () E   is the step in the () E  value at the absorption edge (difference between the pre edge and the post edge energy spectra). Finally the energy dependent EXAFS function χ(E) was converted to wave number dependent function χ(k) by = √2 ( − 0 )/ℏ 2 . After being weighted by k 2 which is used to compensate for the damping of the EXAFS amplitude with increasing k, the ( ) data was Fourier transformed into r space, in the range of 0<k<10 Å. The background reduction of the experimental EXAFS data has been done by using the Athena module. The theoretical EXAFS spectra were generated using the FEFF 6.0 code while the fitting of the experimental EXAFS data with the theoretical spectra have been carried out using the ARTEMIS code of IFEFFIT software packages 31 .
III. RESULTS AND DISCUSSION

A. Crystal structure
Room temperature powder x-ray diffraction was performed to examine the structural aspects of R 2 NiMnO 6 series. X-ray patterns established that all samples were single phase Fig. 1 (b) ]. This emphasizes that the samples with smaller ionic radii get more stabilized in the monoclinic symmetry.
Rietveld refinement was employed to estimate structural parameters for each composition. We have considered monoclinic LNMO structure with P2 1 /n space group as the starting model for refinement 32 asymmetry. Initially, scale factor and cell parameters were refined followed by profile and FWHM parameters. Once a proper match is achieved in the profiles, positional and thermal coordinates were refined. The oxygen atoms were not refined and were fixed to their stoichiometricity. All refinements reached a satisfactory fit. Representative refinement profiles for GNMO and DNMO are presented in Figure 2 and the representative refined crystal and local structure of NiO 6 and MnO 6 octahedra for DNMO are shown in Figure 3 . In an ordered unit cell, the corner-shared NiO 6 and MnO 6 appear alternately illustrating two sublattices. The tolerance factor (t) which is indicative of the stability of the structures, can be defined for R 2 NiMnO 6 as,
where r R , r Ni , r Mn , and r O are the effective ionic radii of R, Ni, Mn and O ions respectively 35 .
The tolerance factor, t, strongly influences the magnetic and the electronic properties. With 
B. Vibrational properties
Raman spectroscopy is a robust technique to examine the crystal structure, cation disorder, with lower R size as compared to La 2 NiMnO 6 . This is quite consistent with monoclinc angle (β) as determined from XRD, which shows higher deviation as the rare-earth size is decreased. A representative fitted spectrum has been presented for GNMO in Figure 6 
C. Electronic properties: XANES analyses
XAS studies can reflect electronic properties and local site symmetry around an absorbing atom. This powerful tool has hence been employed to examine the charge state and the local environment of the constituent elements of R 2 NiMnO 6 series. The room temperature Mn Kedge XANES spectra of RNMO are displayed in Fig. 7(a) . The spectra of Mn foil, MnO, with varying R 3+ . In total, it is quite striking to realize that irrespective of the rare earth element, the MnO 6 octahedra do not change remarkably. 47, 48 . Simulated best-fit parameters are summarized in Table I . No significant change is observed in Mn-O bond lengths suggesting that size and nature of the R -ion has little effect on the distortion or shape of MnO 6 octahedra.
D. Local structure: EXAFS analysis
The local environment of Ni cations has also been probed using Ni K-edge EXAFS spectra of all R 2 NiMnO 6 samples. 
D. Magnetic properties
Octahedral tilting, tolerance factor, lattice parameters and rare-earth size greatly influences An additional anomaly is observed at lower temperatures for the NNMO, SNMO, TNMO, and DNMO samples [ Fig. 10 Curie-Weiss law defines the paramagnetic component above As shown in Fig. 11(b 
D. Electronic band gap
To study the R-dependence of optical properties of RNMO, the electronic band gap is obtained from the UV-Visible absorption spectra using Tauc relation 57 given by, αhν = A(hν-E g ) n , where, hν is the incident photon energy, α is the absorption coefficient, A is a characteristic parameter independent of the photon energy, E g is the electronic band gap, and n is a dimensionless parameter with a value of 1/2 for direct-allowed transitions. The (αhν) 
IV. CONCLUSIONS
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